Background: Invasive cervical resorption (ICR) is a relatively uncommon form of external tooth resorption, characterized by an invasive nature. It is usually painless and detection of lesions is often made incidentally. Three-dimensional imaging techniques, such as cone beam computed tomography (CBCT), are useful in the diagnosis and management of ICR as the true extent of the defect cannot always be estimated using conventional radiographs.
of radiographs. The resorption rarely penetrates the pulp because of the presence of so-called pericanalar resorption-resistant sheet.
3 Two-dimensional conventional radiograph like intraoral periapical (IOPA) may show a cloudy appearance in the cervical area with poorly defined border in the early stage of the lesion. In late stage, however, the radiolucency extends coronally and apically with an irregular shape, but the canal can be traced, which indicates that the lesion is external. 2, 4 Three-dimensional imaging techniques, such as CBCT, are useful in the diagnosis and management of ICR, as the true extent of the defect cannot always be estimated using conventional radiographs. 5 Invasive cervical resorption and external cervical resorption are commonly used terms to describe the same condition; Heithersay 6 preferred the term ICR due to its invasive and aggressive nature. Heithersay 7 developed a clinical classification of ICR according to the degree of the damage to the mineralized tissues of the tooth into four categories. Class I corresponds to a small invasive resorptive lesion near the cervical area with shallow penetration into dentin, class II represents a well-defined resorptive lesion close to the coronal pulp chamber with little or no extension into the radicular dentin, class III represents a deeper invasion of dentin not only involving the coronal dentin but also extending at least to the coronal third of the root, and class IV corresponds to a resorptive defect extending beyond the coronal third of the root canal and may involve almost the entire root. Different approaches have been suggested for the treatment of ICR. The treatment aims to completely remove and inactivate the resorptive lesion, and to restore the defect with suitable restorative material. This case report presents CBCT-based early diagnosis, assessment, nonsurgical (conservative) treatment approach, and 2-year follow-up documentation of Heithersay class III ICR in a mandibular first molar.
CASE REPORT
An 18-year-old Hispanic female patient was referred by her orthodontist to the Advanced Endodontic Program, Herman Ostrow School of Dentistry, University of Southern California with a complaint of unusual radiolucent area in the mesial cervical area of tooth #19. The orthodontist noticed the lesion on routine IOPA radiograph before placing orthodontic band. The patient's medical history was noncontributory and no history of trauma was reported. Intraoral examination revealed class I amalgam and composite restorations on the occlusal surface of #19. After consultation with the orthodontist, it was explained that the composite restoration was placed to raise the bite. Cold test revealed normal pulp response and percussion test reported normal periapical area. Probing depth of 2-3 mm around the tooth was noted with healthy gingiva. The IOPA radiograph (Fig. 1A) showed radiolucent lesion in the cervical area of the tooth. Cone beam computed tomography (CS 9000 3D Extraoral Imaging System; Carestream Health, Inc.) was performed at 76 μm resolution to assess the extent of the lesion in three spatial levels and small field of view 4 × 4 was chosen. 8 Based on the CBCT images and threedimensional reconstructions (Figs 1B to D), a diagnosis of Heithersay class III ICR was made. The patient and orthodontist were informed about the diagnosis, treatment options, and prognosis of the tooth, and informed consent was obtained. Nonsurgical root canal treatment and removal of the lesion from the coronal access were planned as less invasive procedure rather than surgical approach. Two carpules of Lidocaine local anesthesia (72 mg) 0.036 mg of epinephrine were administered and rubber dam isolation was done. Under dental operative microscope (Zeiss OPMI pico, Carl Zeiss Surgical, Germany) at 8× magnification, composite and amalgam restorations were removed and the lesion was accessed from coronal approach by using round carbide bur ( Fig. 2A) . The root canal treatment was subsequently planned because the resorption lacuna was in close relation with mesial root canals. The access cavity was prepared using Endo Access kit (Dentsply Tulsa Dental Specialties; Tulsa, Oklahoma), and the granulation tissue and soft dentin (Figs 2B and C) were removed with spoon excavator (Hu-Friedy, Chicago, USA). Further excavation was done toward the area of entrance of lesion (Fig. 2D ) to ensure complete removal of resorptive lesion. To dissolve possible tissue remnants, cotton pellets soaked with 6% sodium hypochlorite were applied for 3 times each for 1 minute.
Three canals, namely mesiobuccal (MB), mesiolingual (ML), and distal (D), were cleaned and shaped with Vortex rotary files (Dentsply Tulsa Dental Specialties, Johnson City); the master apical file (MAF) was 35/0.04 for MB and ML, and 40/0.06 for D canal. Intracanal irrigation was performed with 6% sodium hypochlorite after each instrument. Canal orifices were blocked with gutta-percha (Fig. 2E) , and the resorptive defect was filled ( Fig. 2F ) with dual-cure, self-adhesive, RMGIC (Geristore; Den-Mat Corporation, Santa Maria, CA). Gutta-percha cones were removed, calcium hydroxide (TempCal; Pulpdent Corporation, Watertown, USA) was applied as intracanal medicament, and access cavity was restored with temporary filling material (Cavit; 3M ESPE AG, Seefeld, Germany). The patient presented 1 week later and the tooth was asymptomatic. Gutta-percha cones with sizes corresponding to MAFs were used to fill the The canals orifices were sealed with glass ionomer (Fugi IX; GC America) while the access cavity was restored with composite restoration and postoperative x-film was taken (Fig. 3A) . The patient and her orthodontist were advised to wait for 6 months before resuming the orthodontic treatment, as an observation period to analyze the outcome of the treatment. On 6 months recall, tooth #19 was completely asymptomatic and X-ray film showed no changes at the lesion site. However, the orthodontist continued the treatment before elapsing 6 months, and placed a band on #19. The patient reported at 1-year follow-up with asymptomatic tooth and completed orthodontic treatment; an IOPA X-ray film (Fig. 3B) showed a slight mesial bone loss with a probing depth of 3 mm. On a 2-year recalled visit, the tooth was asymptomatic and a control CBCT was performed in three spatial levels to further assess the treated site. Both in sagittal and axial section, no reoccurrence of the lesion and no further bone loss were noted (Figs 3C and D) .
DISCUSSION
In most instances, ICR is seen as a late complication to traumatic injuries of the teeth, orthodontic tooth movement, periodontal treatment, bleaching of teeth, and a wide variety of "traumatic" conditions. Heithersay attributed 24.1% of ICR to orthodontic treatment as a potential predisposing condition and found that the most commonly affected teeth were maxillary canines, maxillary incisors, and mandibular first molars. 1,2 It is essential, therefore, that the patients who were exposed to situations that can damage the integrity of periodontal tissue, such as orthodontic treatment, need to have careful periodic recalls and X-ray examinations. The sooner the diagnosis, less complicated the treatment and consequently better the prognosis. The two-dimensional intraoral radiographs revealed the resorptive changes, but the actual extent and location of the lesions are not fully understood. 9 On the contrary, CBCT is a very useful tool to achieve a proper diagnosis; it detects the extent of the defect more accurately and hence, improves the treatment outcomes of ICR. 10 In this case, CBCT was used to diagnose, classify, and assess the size and extent of the resorptive defect and to evaluate the treatment outcomes during follow-up visits.
In the present case, the resorption of the mandibular first molar was detected relatively early and graded as class III lesion involving the coronal dentin with extension to the coronal third of the root. Typically, surgical treatment of varying degrees of ICR involves periodontal flap reflection, curettage, granulation tissue removal, and restoration of the defect with suitable material, such as RMGIC, 11, 12 mineral trioxide aggregate (MTA), calcium-enriched mixture cement, 15 and Biodentine, 16 and repositioning the flap to its original position. In the present case, the resorption lacuna was exposed from the coronal approach rather than surgical exposure by full-thickness mucoperiosteal flaps. Topical application of an aqueous solution of 90% trichloroacetic acid was recommended by different authors for the inactivation of the resorbing process. 6, 17 However, in the present case, 6% sodium hypochlorite was applied and refreshed frequently to dissolve the possible remnants of granulation tissue. Sodium hypochlorite at higher concentrations showed increased efficacy for tissue dissolution, and refreshing the solution at the site resulted in a marked increase of hypochlorite effect. 18 The root canal treatment was performed as the resorption lacuna was in close relation with the mesial root canals. The RMGIC was used to restore the resorptive defect in the present case. It offers the advantages of glass ionomer and resin; releases fluoride; has an increased resistance to microleakage; adheres to the tooth structure; and is less soluble than the conventional glass ionomer. 19, 20 The MTA has been recommended in several case reports as the restorative material of choice because it has favorable chemical and physical properties, sealing ability, antibacterial activity, and biocompatibility, and it creates an ideal environment for hard tissue healing. 21, 22 However, MTA's beneficial properties are questionable when it is exposed to the oral cavity. 23 The treatment outcomes were accessed with the follow-up X-rays at 6 months, at 1 year, and at 2 years combined with CBCT examination, which revealed satisfactory outcome.
